(19) 




EuropfllschM PBtentamt 
European Potent Office 
Office europten dee breveta 



(12) 



(43) Date of publlcallon: 

28.0g.19M BulMln199»39 

(21) Application number: 90301798.7 

(22) Date or filing: 10.03.1999 



(11) EP 0 945 778 A2 

EUROPEAN PATENT APPLICATION 

(51) intci.6: G06F 1/32 



(84) Designated Contracting States: 


• Du, Sterling 


AT BE CH CY DE DK ES Fl FR OB QR IE IT U LU 


Palo Alto, California 94306 (US) 


MCNLPTSE 


• Lam, James 


Designated Extension States: 


Fremont, California 94555 (US) 


ALLTLVMKR08I 


• Reynoao, Aaron 




San Jose, California 95133 (US) 


(30) PriorHy: 26.03.1998 US 79505 P 




ia08.1998 US 136207 


(74) Representative: Crawford, Andrew Blridby et ai 




A A THORNTON & CO. 


(71) Applicant: 02 Micro International Limited 


Northumberland Houee 


Grand Cayman (KY) 


303-306 High Hoiborn 




London WC1V7LE (GB) 


(72) Inventors: 




• Chan, Regina 




Fremont, California 94S6S (US) 





(54) Low power CD-ROM player for portable computera 



(57) A computer subsystem of a computer Includes 
a CPU, RAM, display, storage device, input devica(s), 
and a digital-audio generating iC. A CD-ROIVI subsys- 
tem o1 the computer Includes a CO-ROM drive and CD- 
ROM control buttons for controlling CD-ROM drive's op- 
eratbn while playing audio CDs. An audio-interface IC 
of the CD-ROM subsystem couples a bus of the com- 



puter subsystem to the CD-ROM drive, and to the con- 
trol buttons. The audio-Interface IC, in one operating 
mode, relays comrr^nds and data between the bus and 
the CD-ROM drive. A second operating mode permits 
turning the computer subsystem off while the audio-In- 
terface I C autonomously responds to the control buttons 
and transmits commands to the CD-ROM drive for play- 
ing an audio CD. 
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Deserfptlon 

BACKGROUND OF THE INVENTION 

Field of the Invenlion 

[0001] The present Inventton relates generally to dig- 
ital computare and, more particularly, to a digital com- 
puter adapted for low power operation while playing a 
CD-ROM 

Description of the Prior Art 

[0002] Portable computers (I.e., notebook, laptop, 
palmtop and the like) from major original equipment 
manufacturers such as Toshiba, Compaq. Dell, IBM and 
others offer CD-ROM drives as either standard or op- 
tional devices. Notebook, laptop, palmtop computers 
are aimed at the mobile computer user who needs or 
wants to take work home from the office or on a business 
trip. An added benefit of CD-ROM equipped portable 
computers is the opportunity to enjoy periods relaica- 
tlon and pleasure by paying audio tracks from standard 
music CDs. In the ensuing discussion, the term note- 
book computer will be understood to apply also to lap- 
top, palmtop and other portable, battery powered com- 
puters. 

[0003] The Windows operating system's media player 
or third party audio applk:atk3n can play back standard 
audto CDs on a portable computer. However the simple 
lunctton of playing an Integral audb CD-ROM requires 
that the entire notebook system be powered for the du- 
ration of the audio play back. This causes excessive 
drain on the notebook's battery power system, unnec- 
essarily consuming battery energy better saved for CPU 
intensive use such as word processing and spreadsheet 
analysis. 

[0004] Conventional laptop and notebook computers 
typically have several power down modes. They can be 
powered down such that the CPU Is alnwst completely 
off, with the state of the CPU saved on a hard drive. A 
very low power portion of the CPU or an auxiliary circuit 
(e.g. keyboard controller) Is typtoally used to recognize 
when a key Is pressed. The system then reactivates nor- 
mal power to albw the CPU to retrieve tiie stored ma- 
chine state from the hard drive thereby restoring the 
computer Into an operating mode. Some well known 
power saving modes are called sleep mode, suspend 
mode and the like. 

[0005] Consequently, a modern energy efficient com- 
puter will, over time, operate in several different power 
management regimes. For example, if a portable com- 
puter is being used in an office environment where elec- 
trical power consumption is an Insignificant concern, 
then the computer user may want the computer to pro- 
vide the highest performance and availability possible. 
Conversely, If the computer is being operated on battery 
power where there is no convenient source of electrical 



2 

energy, then the computer user may want to choose a 
power management regime for the computer thai will 
maximize the time the computer operates without re- 
charging Its batteries, even though performance and 

6 availability may be noticeably reduced. 

[0006] To facilitate controlling electrical power con- 
sumptbn in personal computers, Intel Corporation. Mi- 
crosoft Corporation, and Toshiba Corporation have 
jdntlyestablishedan Advanced Configuration and Pow- 

10 er Interface Specification ('ACPI Speciftcatbn"). The 
ACPI Speclfbatlon Revision 1 .0 of December 22, 1996, 
Copyright 1996 Intel Corporation, Microsoft Corpora- 
tkin, Toshiba Corporation, establishes both a set of five 
(5) Global System States 03 - Mechantoal Off, 32/S5 - 

IS Soft Off. G1 - Sleeping. GO - Working, 84 - Non-Volatile 
Sleep, and a set of four (4) Devbe Power States DO - 
Fully On. through D3 - Off. The ACPI SpecificatkMi de- 
fines the Global System States as tolbws. 

^ G3 Electrical power is mechanically turned off. 
G2^S5 Electrical power Is turned on but the computer 
consumes a minimal amount of power by not 
executing either user or system computer pro- 
grams, and the system's context is not pre- 
sensed by hardware. 
G1 Electrical power Is turned on, the system's con- 
text is presented by hardware or system soft- 
ware, but user computer programs are not be- 
ing executed. 

30 GO Electrical power Is turned on and user compu- 
ter programs are executed. I n the GO stale, de- 
vbes such as hard disk drives, CD-ROM 
drives, floppy diskette drives, etc are dynami- 
cally tumed on and off as needed. 
3S S4 Electrical power may either be turned off. I.e. 

Global State G3. or turned on with the compu- 
ter consuming a minimal amount of power, i.e. 
Global State G2/S5, while system context Is 
presented in a non-volatile storage file before 
^ entering eitiiar tiie G3 or G^S5 state, thereby 

permitting the computer to be restored to its pri- 
or operating stale, l.e. G1 or GO. 

The ACPI Specification furtiier defines Device Power 
^ States as folbws. 

DO The device Is completely active and respon- 
sive, and consumes tiie most electrical power. 
D1 A lower power state tiiat is defined for different 
so types of devices which preserves more device 

context than the yet lower power state D2. 
D2 An even lower power state than D1 that Is again 
defined for different types of devices, and 
whbh presences less device context than state 
S5 D1. 

D3 Electrical power is fully removed from the de- 
vice, device context Is lost, and system soft- 
ware must reinitialize the device when it is 
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lumadon again. 

[0007] The different computer operating modes and 
associated power management regimes described 
above are sadi characterized by a unique power de- 
mand (i.e., current drain) Irom the battery power suppiy 
This is an important feature both in design of portabie 
computer systems, and in marlcetingthemas weli. Great 
attention is focused on minimizing the power demand 
lor each of the different Giobal and Device operating 
modes. Thus, the power demand characterizing each 
power management regime is a criticai lactor to be con- 
sidered for portable computers, particularly one that in- 
cludes a CD-ROM drive for playing audio CDs. 
[0008] in inrplementing conventionai computer power 
management strategies, a power management routine 
("PMR") executed by the CPU must periodically monitor 
peripheral devices to assess whether a peripheral de- 
vice's operatton may be suspended. Similarly, H It be- 
comes necessary to access a peripheral device whose 
operation has been suspended such as in Device Power 
modes D1-D3, the PMR must resume that peripheral 
device's operation. Qenerally, suspending the operation 
of a peripheral device and resuming rts operation re- 
spectively require that the PIVIR executed by the CPU 
perfonm a unique sequence of operations In tuming off 
electrical power to a peripheral device, and in tuming 
electrical power back on. Writing a computer program 
that detects a need to execute a power-on or a power- 
off sequence of operations for a peripheral device is a 
cumbersome task. 

[0009] Prevbus portable computers that include a 
CD-ROM use PMR functions to minimize battery drain. 
However, if CPU operation has been suspended to save 
electrical power, the computer can essentially do noth- 
ing. Therefore, in the minimal power drain mode, the 
CPU cannot use the Windows operating system's media 
player or third party audio application to play audio CDs. 
[0010] A significant power drain in portable-comput- 
ers occurs In the conventtonal LCD monitor. Typically 
60 to 70% of the power consumed by a notebook is con- 
sumed by the display Thus even 11 a computer's devte- 
es, including even perhaps the CPU, were In a kiwer 
power state, i.e.. one of the lower Device Power States 
D1 -D3 for power ^ngs during CD-ROM play only, the 
need to use the normal LCD to display CD-ROM status 
and the music playing status wouki itself jmpede signif- 
icantly reducing power consumption. 
[001 1] For the reasons described above, it is apparent 
that a disadvantage of present portabie computers for 
playing audio CDs is that some portion of the computer 
system must remain energized state to detect key ectu- 
Btion and then to restore power or activate a power re- 
store f unclton of the CPU and associated peripherals (e. 
g. hard drive, keyboard controlier, display, etc.). At times 
when a portable computer is being used during travel, 
or when line power is othenArlse unavailable, the user 
may wish to play some audio CDs. Given the limited bat- 



tery life of most portables, e.g., 3 to 5 iTours of use, the 
user may have to choose to forego using the CD-ROM 
capability for very long, out of fear that the notebook will 
not be functional for needed work or communlcatton. 

5 

BRIEF SUMMARY OF THE INVENTION 

[001 2] The present invention extends the playing time 
lor a CD-ROM equipped notebook computer while min- 
10 im izing the loss of potential operating time as a compu- 
ter. 

[0013] Another advantage is to select and control the 
music being played without engaging (powering on) the 
CPU or other notebook peripherals, i.e., hard drive, dis- 

'5 play, memory and the like. 

[0014] Another advantage Is to extend playing time 
and k)war power drain while minimizing the require- 
ments tor additional software drivers. 
[0015] Another advantage would be to provide CD- 

20 ROM/music status to the user without using the normal 
display screen with its typically high battery drain re- 
quirements. 

[001 6] Another advantage of the present invention is 
that it facilitates portable computer product differentia- 
2S tion by provkding various different aud» CD playing user 
interfaces. 

[001 7] Another advantage of the present invention is 
that it pennits designers of portabie computer systems 
to choose among various different audio CD playing us- 

30 er interlaces. 

[001 8] Another advantage of the present invention Is 
that all of the preceding advantages may be obtained 
merely by inserting an IC in accordance with the present 
invention into an existing portable computer design. 

^ [001 q In one embodiment the preaeiti invention is a 
digital computer that includes both a computer subsys- 
tem and a CD-ROM subsystem. The computer subsys- 
tem Is conventional and includes a digital computer bus 
via which various digital computer devices included in 

^ the computer subsystem exchange commands and da- 
ta. Devices included in the computer subsystem Include 
a central processing unit ('CPU'), a random access 
memory ('RAM'), a display, a read-write mass storage 
devtea, a manual input device, and a digrtal-audio gen- 

45 erating Integrated circuit ("iC). 

[0020] The CD-ROM subsystem includes a conven- 
ttonal CD-ROM drive and an audio output amplifier that 
is coupled to the CD-ROM drive for receiving an analog 
audio signal from the CD-ROM drive. The CD-ROM sub- 

so system also includes several CD-ROM control buttons 
for controlling operation of the CD-ROM drive during re- 
play of audio conf)pact disks ('CDs"). An audto-hterface 
IC, also included in the CD-ROM subsystem, is coupled 
to the digital computer bus of the conputer subsystem, 

«5 to the CD-ROM drive, and to the CD-ROM control but- 
tons. The audk>-interiace IC, in a first operating mode 
in whidi the computer subsystem Is energized and op- 
erating, relays commands and data between the digital 
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computer bus of the computer subsystem and the CD- 
ROM drive. In a second operating mode In which the 
computer subsystem is not energized and is inopera- 
tive, the audio-interface IC autonomously responds to 
signals received from the CD-ROM control buttons and 
transmits commands to the CD-ROM drive which cause 
the CD-ROM drive to play an audio CD present In the 
CD-ROM drive. 

[0021] In a particularly prefen^ed embodiment the 
present invention the audb-interface IC has a third op- 
erathg mode in addition to the two described above. In 
this third operating mode the computer subsystem is en- 
ergized and operating, and the audio-interface IC re- 
ceives commands from the CD-ROM control buttons 
and stores such commands for subsequent retrieval by 
a computer program executed by the CPU Included In 
said computer subsystem. Furthemnore, In this third op- 
erating nfwde, as directed by a computer program exe- 
cuted by the CPU, the audio-Interface IC either merely 
relays commands and data between the computer sub- 
system's digital computer bus and the CD-ROM drive, 
or independently responds to CD-ROM button com- 
mands by generating CD-ROM commands internally 
and independently transmitting such commands to the 
CD-ROM drive to control playing an audio CD present 
In the CD-ROM drive. 

[0022] An advantage of the present invention is that 
during playing of audio CDs the Invention can double 
the inten^l during which the digital computer can oper- 
ate on a particular amount of battery power. 
[0023] These and other features, objects and advan- 
tages wi II be understood or apparent to those of ordinary 
skill In the art from the following detailed description of 
the preferred embodiment as illustrated in the various 
drawing figures. 

BRIEF DESCRiPnON OF THE DRAWINGS 
[0024] 

FIG. 1 is a block diagram depicting a digital compu- 
ter in accordance with the present Invention having 
both a computer subsystem and a CD-ROM sub- 
system that includes an audionnterface IC; 
FIQ. 2 is a block diagram depicting an audio-inter- 
face iC in accordance with the present invention; 
FIQ. 3 is a register diagram depicting contents of a 
register block included in the audk>-interface IC il- 
lustrated in FIG. 2; 

FIQ. 4 is a state diagram depicting operation of the 
audio-interface iC illustrated In FIG. 2 if the compu- 
ter subsystem is not energized and is Inoperative; 
FIG. 5 is a fbw diagram depicting operation of the 
computer together with the audb-hterface IC illus- 
trated In FIG. 2 when the computer subsystem Is 
energized and the audio-Interface IC operates in 
the third operating mode; and 
FIG. 6 is a block diagram depicting a circuit prefer- 



ably included in the audb-interface IC for interfac- 
ing between a bus Included in the computer subsys- 
tem of the digital computer and a CD-ROM drive. 

S DETAILED DESCRIPTION 

[0025] FIQ. 1 , depbts a system block diagram of an 
exemplary battery-powered portable computer 100 
adapted for reading digital computer data from a com- 
pact disk - read only memory ('CD-ROM'), and for play- 
ing audio CDs. For purposes of playing audb CDs and 
power managennent, the computer 1 00 is functionally 
partitk)ned into a computer subsystem 104 and a CD- 
ROM subsystem 106. 

The Computer Subsystem 104 

[0026] The computer subsystem 104 includes all con- 
ventional data-processing components such as a micro- 
processor-based central processing unit and random 
access memory ('RAM') system ('CPU system") 1 20 to- 
gether with various ICs described in greater detail be- 
low. The computer 100 also conventionally includes a 
display 110 (TFT LCD matrix display CRT and the iike), 
manual input devices 112 (e.g. keyboard, mouse, touch- 
pad), and read-write mass storage device 11 4 (e.g. hard 
drives, floppy drives, optical drives and the like), which 
operate conventionally within the computer 100. 
[0027] The computer subsystem 104 includes asso- 
ciated Input/output ('I/O') buses (e.g. PCI bus 116, and 
ISA bus 1 1 6) lor Interconnecting various subsystems In- 
cluded in the computer 100. in the computer 100, the 
CPU 120 (e.g. a Pentium mteroprocessor) exchanges 
data with the PCI bus 116 through a system controller 
IC 122 (e.g. Intel e2439HX known as the 'Northbrtelge') 
for controlling on-board 1.2 cache. The system controller 
IC 1^ is described in a document, a copy o1 which may 
be retrieved from http: //developer, intei.com/design/ln- 
tarch/Top.SOO.HTM, that is hereby incorporated by ref- 
erence. Via suitable adapter devtoes. conventionally the 
PCI bus 1 1 6 permits the CPU 1 20 to exchange data with 
higher performance devices such as the display 1 1 0 and 
the read-write nnass storage device 114. 
[0028] A bus bridge 10 124 (e.g. a 82371SB 'South- 
bridge" IC) Interconnects the PCI bus 116 with the ISA 
bus 118 and with an IDE bus 12B. A description of the 
bus bridge IC 124 can be obtained from http: //develop- 
er. InteLcomtiesign/intarch/embdmodLhtmand is here- 
by incorporated by reference. The bus bridge IC 124 is 
available from Intel Corp., Santa Clara, California. Via 
suitable adapter devices, conventionally the ISA bus 
118 permits the CPU 120 to exchange data with lower 
speed devices such as the manual input devices 112. 
However, for particular configurations of the computer 
100, the CPU 120 may exchange data with higher per- 
fomnance devnes, such as the read-write mass storage 
devtee 114, via the ISA bus 118, or directly via the IDE 
bus 128. 
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[0029] A drgttal^udio gsnerHtion IC 130 included in 
the compLiter subsystem 104 communicates with the 
CPU 120 either via the ISA bus 118, or via the PCI bus 
11 6 as Indicated by a pair of dashed lines 1 26. The dig- 
ital-audio generation IC 1 30 is conventional and may be 
either a Maestro-1 ™ or Maestro-2™ marketed by ESS 
Technology, Inc. of Fremont, California. 
[0030] As is well known to those skilled in the art, the 
computer programs executed by the microprocessor In- 
cluded in the CPU 120 of a laptop or notebook computer 
100 usually include Power Management Routines 
(PMRs). Under appropriate operating conditions, the 
PMRs may place the computer 1 00 Into one of the sev- 
eral power management operating modes such as 
those described previously for the ACPI Specification. 
Computer programs that place the computer 100 into 
one of the various power management operating modes 
may be prepared by one having ordinary skill In the art. 
and form no part of the present invention. Each the 
various power noanagement operating modes is charac- 
terized by a corresponding battery power requirement. 
For example, the cun^nt demand lor the ACPI Specifi- 
cation's Device Power States may be those set forth be- 
bw. 



Device Power State 


Battery Power Required 


DO - Fully On 


iri 


D1 


ir2<in 


D2 


Ir3<lr2 


D3-Off 


Ir4 < Ir3 



The CD-ROM Subsystem 106 



[0031] The CD-ROM subsystem 106 includes an au- 
dio-Interface IC 102 In accordance with the present In- 
vention, a CD-ROM drive 1 CD-ROM control buttons 

142, an icon liquid crystal display ("LCD") 144, a track- 
number display 147, an audio output amplifier 146, and 
audio output transducer 148, e.g. speakers or head- 
phones. The CD-ROM control buttons 142, which con- 
nect to audio-interface IC 102 via a control-button bus 

1 43, Include buttons for playing or pausing an audb CD, 
forfast-fonAfarding the audio CD, for rewirxiing the audio 
CD, and for stopping or ejecting the audio DC. Thus, the 
CD-ROM control buttons 142 pemih a user of the com- 
puter 100 to completely control operation of the CD- 
ROM drive 138 while playing an audio CD. The CD- 
ROM drive 138 is a conventional CD-ROM drive capa- 
ble of operating with conventtonal ATARI Interface com- 
mands provkled through an IDE-bus extensbn 129 
which originates at the audk>-in1erface IC 102. The CD- 
ROM subsystem 106 also Includes an audk) signals bus 
1 52 that supplies left and right channel stereo audb sig- 
nals directly to the audk) output amplifier 1 46. 
[0032] Depending upon the operating mode of the 



computer 100, an audio switch 154, which operates in 
response to control signals receh^ed from the audio-in- 
terface iC 102, may couple the left and right channel 
stereo audio signals to the digital-audio generation IC 
s 1 30 included in the computer subsystem 1 04. When the 
computer subsystem 104 Is not energized, to reduce 
electrical power consumption caused by leakage elec- 
trical currents in ICs included in the computer subsys- 
tem 104: 

10 

1. tiie audio switch 154 electrically isolates the au- 
db signals bus 152 from the CD-ROM drive 138; 
and 

2. the audb-lnterface IC 102 correspondingly elec- 
ts trically isolates Itself from the IDE bus 128. 

A budness control-signal line 156 couples a volume 
control signal from the audio-Interface IC 1 02 to the au- 
dio output amplifier 146. As described In greater detail 

20 below, the audio-interface IC 102 provides a signal to 
the icon LCD 1 44 via a LCD-signal line 1 45 lor Indicating 
that the CD-ROM drive 138 is operating. The audio-in- 
terface IC 102 provides signals to the track-number dis- 
play 1 47 via a track-n umber-display bus 1 49 for display- 
ing a track number as an audio CD is played. 
[0033] A System Management Bus ("SMBus") 162 
permits the audio-interface IC 102 to exchange com- 
mands and data with the o^mputer subsystem 104. 
Within the conputar subsystem 104, the SMBus 162 

30 connects to the ISA bus 116 via a keyboard controller 
IC 164 as Indicated In FIQ. 1, or the SMBus 162 may 
connect directly to the bus bridge IC 124, as indicated 
by a dashed line 166 In FIG. 1. 
[0034] Both the computer subsystem 104andtheCD- 

3s f^M subsystem 106 receive electrical power directly 
from a t}a1tery, not illustrated in any of the FIGs. Depend- 
ing upon the operating mode of the computer 1 00 for 
playing audio CDs, either the CD-ROM subsystem 108 
alone, or both the computer subsystem 1 04 and the CD- 

40 ROM subsystem 1 08 may be energized. If the computer 
subsystem 1 04 receives no electrical power, then oper- 
ation of the CD-ROM drive 138 Is effected completely 
within the CD-ROM subsystem 1 06 with the audb-lnter- 
face IC 102 originating signals for controlling operatbn 

45 of the CD-ROM drive 1 ffi. If the computer subsystem 
104 is energized and operating, then operation of the 
CD-ROM drive 1 38 can be effectedp via the audb-lnter- 
face IC 102p by commarKis received from a computer 
program executed by the 120. 

so 

Interconnections Between The Coniputer 
Subsystem 104 and The CD-ROM Subsystem 106 

[0035] The audio-interface IC 102 exchanges com- 
ss mands and data with a computer program executed by 
the CPU 120 through the IDE bus 128 and the SMBus 
162. The computer subsystem 104 also selectively sup- 
plies left and right audio signals from the CD-ROM drive 
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1 38 to the digital^udk) generation IC 130 depending up- 
on the operating mode of the computer 100. During op- 
eratbn of the computer 100 in which the computer sub- 
system 1 04 is energized and operating, the audio-Inter- 
lace IC 102 relays commands and data between the 
computer subsystem 104andCD-ROM drive 136. Com- 
mands and data which the computer subsystem 1 04 ex- 
changes with the CD-ROM drive 1 38 are well known to 
those skilled in the art. 

General Desoriptlon d The Audlo-lnterfaoe 101 02 

[0036] Refen-ing now to a detailed block diagram o1 
the audk>lnterface IC 1 02 depicted In FIG. 2. the audto- 
inlerface IC 102 rncludes a state machine 202 whbh 
controls overall operation of the audio-Interface IC 102. 
inciusbn of thestate machine 202 in the audto-interface 
IC 102, as contrasted with a programmable controller, 
provfcJes better performance. The stale machine 202 
connects via an internal bus 204 to a SMBus interface 
206, to a register block 208, to a LCD control 212, and 
to a clock generator 214. 

[0037] The SMBus Interface 206, which is coupled to 
the SMBus 162, issues an interrupt signal from an INTN 
pin 222 whenever an user of the computer 100 presses 
any of the CD-ROM control buttons 142. The INTN pin 
222 may be advantageously connected to a SMBus 
alert signal-line of the SMBus 162. Upon receiving a SM- 
Bus) alert signal, a computer program executed by the 
CPU 120 can interrogate the register bk)ck208 Included 
in the audio-Interface IC 102 via the SMBus 162 to de- 
termine which of the CD-ROM control buttons 142 has 
been pressed. 

[0038] in addition to being coupled to the internal bus 
204, the register btock 208 Is also coupled to an oper- 
ating-mode bus 226 by which the computer 1 00 supplies 
operating mode signals to the audio-interface IC 102. 
The signals supplied to the audio-interface IC 102 via 
the operating-mode bus 226 include a reset signal wh»h 
upon activation causes the audio-interface IC 1 02 to be 
reset. The operating-mode bus 226 also supplies a sig- 
nal to the audio-Interface IC 102 that Indicates whether 
the computer subsystem 1 04 Is energized. And, the op- 
erating-mode bus 226 supplies a signal to the audio-in- 
tertace IC 102 which indicates If the device connected 
to the IDE-bus extension 129 is a CD-ROM drive. Sup- 
plying a signal to the audKHlnterface IC 102 which Indi- 
cates whether a CD-ROM drive is connected to the IDE- 
bus extension 129 avokJs a requirement that the audio- 
Interlace IC 102 first power on and then Interrogate a 
device connected to the IDE-bus extension 129 toda- 
iermlne whether such devtoe Is a CD-ROM drh/e or a 
hard disk drive. Avoiding this interrogation requirement 
Is partteularly advantageous if the computer 1 00 permits 
a user to readily interchange a CD-ROM drive for some 
other device such as a hard disk drive or conversely.. 
[0039] As is readily apparent, the CD-ROM control 
buttons 142, ksan LCD 144 and track-number display 
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147 of the CD-ROM subsystem 106 provide a user of 
the computer 100 with a self-contained Interface for 
playing audio CDs. To effect this functionality, the audio- 
interface IC 102 Includes control-button logic 232 that 
receives eiectrical signals from the CD-ROM control 
buttons 142 via the control-button bus 143. In response 
to such signals, the control-button logic 232 may store 
data into the register block 208, or it may cause a digital 
volume control 236 to transmit control signals via the 
loudness control-signal line 1 56 to the audio output am- 
plifier 1 46. Similarly, when the computer subsystem 1 04 
Is playing an audb CD the LCD control 21 2 transmits a 
signal via the LCD-signal line 145 to activate an audio 
playback Icon Included In the icon LCD 144. And during 
such audio CD playback the LCD control 212 transmits 
signals via the track-number-display bus 149 which 
cause the track-number display 1 47 to display a number 
that indicates the current track of an audto CD. As de- 
scribed in greater detail bebw, data Indicatlrig the cur- 
rent track number is present in the register block 208. 
[0040] When the connputer subsystem 104 is ener- 
gized, a host IDE interface 242 included in the audio- 
Interlace IC 102 couples electrical signals between the 
IDE bus 126 and the IDE-bus extension 129 via an IDE- 
signals multiplexer 244 included in the audk)-interface 
IC 102. The electrical signals coupled between the IDE 
bus 126 and the IDE-bus extension 1 29 effect exchang- 
es of commands and data between a computer program 
executed by the CPU 120 and the CD-ROM drive 1 38. 
However, If only the CD-ROM subsystem 106 is ener- 
gized, then the state machine 202 exchanges electrical 
signals with the I DE-bus extension 1 29 via the IDE-sig- 
nals multiplexer 244. And as set forth above, If the com- 
puter subsystem 104 is not energized the host IDE in- 
terface 242 electrically Isolates the audb-interface IC 
102 from the IDE bus 128 of the computer subsystem 
104 to reduce, as much as possible, leakage current 
fkiwing from the CD-ROM subsystem 106 Into the com- 
puter subsystem 104. Set forth below is a table listing 
commands In accordance with the ATARI pn:>tocol which 
the state machine 202 may transmit to the CD-ROM 
drive 138 via the IDE-signals multiplexer 244 and IDE- 
bus extension 129. 



55 



Command 


Opcode 


Pause / Resume 


4Bh 


Ptay Audio MSF 


47h 


Stop 


IBh 


Read Table of Contents 


43h 


Request Sense 


b3h 


Read Sub Channel 


42h 


Test Unit Ready 


OOh 


Lock/Unlock 


lEh 
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(continued) 



Command 


Opcode 


Inquiry 


12h 


Sleep 


E6h 



[0041] The state machine 202 also transmits a pair o1 
signals from the audio-Interface IC 1 02 via a mode-con- 
trol signal bus 246. A niode eignal supplied by the state 
machine 202 lo the mode-control signal bus 246 indi- 
cates that the audio-intdrface IC 1 02 Is operating for re- 
ceiving signals from the CD-ROIVI control buttons 142. 
An electrical power control signal supplied by tiie state 
machine 202 to the mode-control signal bus 246 Indi- 
cates either that the CD-ROIVI drive 1 38 Is or has been 
recently operating, or that the CD-ROM drive 138 has 
not been operating recently. This signal may be used 
within the CD-ROM subsystem 106 for appropriately 
controlling the supply of electrical power to the CD-ROM 
drive 136 and^or the audio output amplifier 146. 
[0042] During power-on initialization of the computer 
100, input signals supplied to the audio-interface IC 102 
via the mods-control signal bus 246 respectively select 
an address for the audio-Interface IC 1 02 on the SMBus 
162, and also control whether the state machine 202 
transmits the signal lor controlling the supply of electri- 
cal power to the CD-ROM drive 138 and/or the audio 
output amplifier 1 46. 

[0043] Theaudlo-lnterfacelC102alsorecelvesapalr 

of signals via a mode-set signal bus 248 that specify 
particular hardware characteristics of the CD-ROM sub- 
system 106. One of these signals specifies which one 
of two (2) different types ot volume contiol ICs is includ- 
ed In the audio output amplifier 146. The other mode- 
set signal specifies a particular characteristic for signals 
transmitted from the audio-interface IC 1 02 to the track- 
number display 147 via the track-nunnber-display bus 
149. 

[0044] The clock generator 21 4 Included in theaudio- 
interiace IC 102 connects to an oscillator-in signal-line 
252 and to an oscillator-our signal-line 254. The oscil- 
lator-in and -out signal-lines 252 and 254 connect to an 
8 MHz crystal external to the audio-interface IC 102 that 
is not separately deputed in any of the FIGs. 

Register Block 206 

[0045] FIG. 3 illustrates registers 208a-208h included 
in the register b\ock 208. Seven high order bits of a low- 
order byte 20eaa of a Chip and Revlsbn ID Register 
208a stores a programmable address tor the audio-in- 
terface IC 102 on the SMBus 162. A high-order byte 
208ab of the Chip and Revision I D Register 206a stores 
a revision number for the audio-interface IC 102. 
[0046] Respective states stored in software program- 
mable bits 0, 1 . 3, and 5 In a toworder byte of a Control- 



Buttons Change-Register 208b store data indicating 
pressing of specific CD-ROM control buttons 142. Bit 
20aba0 in the stores data indicating that a rewind button 
has been pressed. Bit 208bal stores data Indteating that 
s a fast-fonward button has been pressed. Bit 208ba3 in 
the Control-Buttons Change-Register 208b stores data 
indicating that a stop/eject button has been pressed. 
And bit 20aba5 in the Control-Buttons Change-Register 
208b stores data indteating that a play/pause button has 
10 been pressed. Software programmable bit 208hbO of a 
high-order byte of an Interrupt Status Register 208h 
stores data indicating that one of the CD-ROM control 
buttons 142 has been pressed, and causes the interrupt 
signal to be transmitted from the audio-interface IC 102 
IS via the IIMTN pin 222. Because bits 0, 1 , 3 and 5 in the 
Controi-Bunons Change-Register 208b are software 
programmable, a computer program executed by the 
CPU 120 can assign data values, i.e. 0 or 1 , to any of 
them. 

[0047] A state of bit 208ba7 of the Control-Buttons 
Change-Register 208b indicates whether the audio-in- 
terface IC 102 is enabled for transmitting the ATARI pro- 
tocol commands listed above to the CD-ROM drive 1 38. 
A state of bit 208cal in a low-order byte of an Electrical 
Power Register 208c enables the audio-interface IC 1 02 
tor controlling electrical power to the CD-ROM drive 1 38 
and to the audk) output annpiifier 146. If bit 206ca1 Is 
enabled, a state of bit 208ca0 in the Electrical Power 
Register 20Bc controls the supply of eiectrical power to 
the CD-ROM drive 1 38 and audto output amplifier 1 46. 
[0048] Respective states stored In software program- 
mable bits 0, 1 and 2 in a low-order byte of a Command 
Control Register 208d store data for controlling opera- 
tkMi of the audk)-interiace IC 102 when the computer 
subsystem 104 Is energized. Bit 208da0 In the Com- 
mand Control Register 208d stores data which controls 
whether the audio-interface IC 102 Is enabled for exe- 
cuting a single instance of a function specified, as de- 
scribed above, by data values that are assigned to bits 
In the Control-Buttons Change-Register 208b by press- 
ing ths CD-ROM control buttons 142. Bit 20Bdal stores 
data which prevents the audio-Interface IC 1 02 from ex- 
ecuting any function specified by data values assigned 
by pressing the CD-ROM control buttons 142 to bits in 
the Control-Buttons Change-Register 206b. Bit 208da2 
stores data which indicates whether ths audio-interface 
IC 102 has executed a single instance of a function 
specified by data values assigned by pressing the CD- 
ROM control buttons 142 to bits in the Control-Buttons 
Change-Register 206b. 

[0049] A bit 20dea0 in a tow-order byte of an Operat- 
ing Mode Register 208e stores data which specifies a 
specific operating mode of the CD-ROiyi subsystem 
106, I.e. the third operating mode, to be described In 
greater detail below. When the audio-interface IC 102 
operates in the third operating mode, bit 206ea4 In the 
Operating Mode Register 208e stores data which spec- 
ifies seiectbn of a particular drive, i.e. a master drive or 
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a slave drive, to receive ATARI protocol commands from 
the audio-interface IC 102. 

[OOSO] Bit 208eb1 in a high-order byte of the Operat- 
ing IVIode Register 208e controls application of a clock 
signal to tlie stats machine 202. When the audio-inter- 
face IC 102 operates in the mode in which it merely re- 
lays data and ATAPi commands between the IDE bus 
1 28 and the I DE-bus extension 1 29, to consen^e energy 
bit 208ebl may be set thereby halting application of the 
cloclc signal to the state machine 202. 
[0051] Bits 0-6 of a low-order byte 208ga of a Track 
Number Register 208g store a track number read from 
an audk} CD white it is being played. Software program- 
mable bits 0-6 of a high-order byte 208gb store a track 
number displayed on the track-number display 147. 



Operating Modes 

[0052] If the computer subsystem 104 is energized 
and operating, in one operating nrode of the CD-ROM 
subsystem 106 the audto-lnterface IC 102 transparently 
relays commands and data between the IDE bus 128 
and the CD-ROM drive 138, FiQ. 4 depicts states and 
state transitions of the audio-interface IC 1 02 for an op- 
erating mode of the computer 1 00 in which the computer 
subsystem 104 Is not energized and Is Inoperative. 
When the computer subsystem 1 04 is not energized and 
the CD-ROM subsystem 106 is Initially energized, or im- 
medately after the audb-interface IC 102 is reset by a 
signal received from the operating-mode bus 226, the 
audio-interface IC 102 enters an Initialize state 302 de- 
picted in FIG. 4. 

[0053] A pressing of the play/fMiuse button when the 
audio-interface IC 102 is in the initialize state 302 caus- 
es the audto-lntertace IC 1 02 to transition to a play state 
304 in which the audio-interface IC 102 transmits com- 
mands in accordance with the ATAPI protocol to the CD- 
ROIW drive 138 that cause the CD-ROM subsystem 106 
to play an audk) CD. if the audio-interface IC 102 is in 
the play state 304, then pressing the stop or eject button , 
or reaching the end of all the audio CD tracks causes 
the audio-Interface IC 102 to re-enter the Initialize state 
302 and to return to the beginning of the audto CD. 
[0054] While the CD-ROM subsystem 106 is in the 
play state 304 playing an audio CD, pressing either the 
fast-fonward or rewind buttons causes the audio-inter- 
face IC 102 to enter a last-forward-or-rewind state 306. 
In the fast-foRA/ard-or-rewind state 306 the audio-inter- 
face IC 102 transmits commands to the CD-ROM drive 
1 38 that either fast-fonivard or rewind the audio CD. If 
the CD-ROM drive 138 connpletes the fast-fonivaid or 
rewind command, or reaches the end or beginning of 
the audk? CD track, the audo-interface IC 1 02 re-enters 
the initialize state 302. While the CD-ROM subsystem 
108 Is fast-forwarding or rewinding an audio CD, press- 
ing the play button causes the audb-tnteriiace IC 1 02 to 
enter the play state 304 and resume playing the audio 
CD at the beginning of the present track. 



[0055] While the CD-ROM subsystem 106 is in the 
play state 304 playing an audto CD or in the fast-for- 
ward-or-rewind state 306 fast-forwarding or rewinding 
an audto CD, pressing the pause button causes the au- 
5 dio-interface IC 102 to enter a pause state 308 which 
pauses operatton of the CD-ROIVI drive 1 38. If the audio- 
interface 10 102 Is In the pause state 308, pressing the 
play button causes the audio-interface IC 102 to enter 
the play stale 304 and resume playing the audio CD at 
10 the present tocation in the track, pressing either the fast- 
forward or rewind buttons causes the audio-interface IC 
102 to enter the pause state 308, and pressing the stop 
button causes the audio-interface IC 102 to enter the 
initialize state 302. 
IS [0056] If the audio-interface IC 102 is in the Initialize 
state 302, and a signal has been supplied to the audio- 
interface IC 102 via the mode-set signal bus 248 which 
enables the state machine 202 for controlling the supply 
of electrical power to the CD-ROM drive 138 and/or the 
^ audio output amplifier 146, and a pre-established two 
(2) minute Inten/al passes during which none of the CD- 
ROM control buttons 142 are pressed; then the audio- 
Intertace IC 1 02 enters a sleep state 31 2. Upon entering 
the sleep state 312 the audio-interiace IC 102 sends an 
2S ATAPI protocol sleep command to the CD-ROM' drive 
1^ thereby slowing down a clock Included In the CD- 
TOM drive 138. If the audionnterface IC 102 is in the 
sleep state 312 and a second, pre-established two (2) 
minute intenral passes during which none of the CD- 
^ ROM control buttons 142 are pressed, then the audto- 
Intertace IC 1 02 enters a suspend state 31 4 m which the 
audio-interface IC 1 02 transmits a signal via the mode- 
control signal bus 246 which Indicates that the CD-ROM 
drive 1 38 has not been operating recently Electrical cir- 
3S cultry Included In the CD-ROM subsystem 1 06 may use 
this signal from the audio-interface IC 102 for removing 
electrical power, from both the CD-ROM drive 138 and 
from the audto output amplifier 146. If the audlo-lriter- 
face IC 1 02 is either in the sleep state 31 2 or in the sus- 
^ pend state 31 4, then pressing any of the CD-ROM con- 
trol buttons 1 42 causes the audto-interface IC 102 to re- 
enter the Initialize state 302. 

* [0067] In addllton to the two operating modes de- 
scribed above, the preferred embodiment of the audio- 

45 Interface IC 102 may be configured to operate a third 
operating mode. In this third operating mode the com- 
puter subsystem 104 Is energized and operating, the au- 
dio-interface IC 102 receives commands from the CD- 
ROM control buttons 142, and stores such commands 

so Into the Control-Buttons Change-Register 208b for sub- 
sequent retrieval by a computer program executed by 
the CPU 120. The flow diagram of FIQ. 5 depicts oper- 
ation of the computer 100 including the audto-hterface 
IC 102 for playing audio CDs In this third operating 

«5 mode. Thus as deptoted In FIQ. 6, In the third operating 
mode while a user does not press any of the CD-ROM 
control buttons 142 the state machine 202 loops at de- 
cision block 372 waiting for one of the CD-ROM control 
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buttons 1 42 to be pressed. If any of the CD-ROM control 
buttons 142 are pressed, the state nnachine 202 In 
processing block 374 sets the bit 208hb0 In the Interrupt 
Status Register 208h thereby causing the SMBus inter- 
face 206 to transmit a SMBus interrupt INTN via the 
INTN pin 222 either to the keyboard controller IC 164. 
or to the bus brkJge IC 124. in addition to transmitting a 
SMBus interrupt, the state machine 202 in processing 
block 374 also sets the appropriate bit in the Control- 
Buttons Changs-Register 208b to indicate which of the 
CD-ROM control buttons 142 has been pressed. The 
computer program executed by the CPU 1 20 in process- 
ing block 376 responds to receipt of the INTN interrupt 
by reading the contents of the Control-Buttons Change- 
Register 208b, and by then transm itting data to the CPU 
120 via the SMBus 162 that resets the blt206hb0 of the 
Inlemjpt Status Register 208h thereby clearing the 
INTN Interrupt. 

[0058] After the computer program executed by the 
CPU 120 clears the INTN interrupt, the state machine 
202 in declston block 378 determines whether the com- 
puter program executed by the CPU 1 20 has previously 
set bit 208da1 In the Command Control Register 208d. 
If bit 208da1 is not set, then the state machine 202 in 
declsbn block 382 determines whether the computer 
program executed by the CPU 120 has prevksusly set 
bit 208da0 in the Command Control Register 208d. If bit 
208da0 Is set, then the state machine 202 In processing 
block 384 transmits to the CD-ROM drive 1 38 via the 
IDE-bus extenston 129 the ATARI comrnarKl(8) which 
cause the IDE bus 128 to respond appropriately to the 
pressing of the CD-ROM control button 1 42. If bit 206dal 
has been set and bit 208daO has not been set. then the 
state machine 202 merely passes through processing 
block 386 without sending any commands to the CD- 
ROM drive 138. 

[0059] After performing either processing block 384 
or processing block 388, the state machine 202 In 
processing bbck 392 again sets bit 208hb0 in the Inter- 
rupt Status Register 208h thereby again causing the 
SMBus interface 206 to transmit a SMBus interrupt via 
the INTN ph 222 either to the keyboard controller IC 
1 64, ortoihe bus bridge I C 1 24. As before, the computer 
program executed by the CPU 120 in processing block 
394 responds to receipt of the INTN interrupt by trans- 
mitting data to the CPU 1 20 via the SMBus 1 62 that re- 
sets bit 208hb0 of the Interrupt Status Register 208h 
thereby clearing the INTN interrupt After the connputer 
program executed by the CPU 120 rssets bit 208hbO, 
the state machine 202 retums to decision block 372 to 
resume waiting for one of the CD-ROM control buttons 
142 to be pressed. 

[0060] FIG. 6 depcts a preferred circu it for interfacing 
between the IDE bus 128, the IDE-bus extension 129 
and the audio-interface IC 102. While the host IDE in- 
terface 242 and the IDE^ignals multiplexer 244 df the 
audb-interface IC 102 may employ conventtonai IC I/O 
buffers, such conventional circuits wiilappreciabiy delay 



signals passing through the audio-interface IC 102 be- 
tween the IDE bus 128 and the IDE-bus extension 129. 
Rather than employing conventional IC I/O buffer cir- 
cuits for the host IDE interface 242 and the IDE-signals 

s multiplexer 244, the preferred circuit depicted in FIG. 6 
employs transmlsston gates 402 Interposed between 
the IDE bus 128 and the IDE-bus extension 129 for se- 
lectively either coupling them together, or Isolating them 
from each other. Use of the transmissbn gates 402 rath- 

10 er than conventional IC I/O buffers significantly reduces 
delay for signals passing through the audio-interface IC 
102 between the IDE bus 128 and the IDE-bus exten- 
sbn 129. 

[0061] Analogously to the transmission gates 402, 
IS signals that the state machine 202 receives from the 
IDE-bus extension 129 are also selectively coupled to 
or isotated from input buffers 404 for the state machine 
202 by a transmission gates 408 also in response to a 
signal generated by the state machine 202. Attemath^e- 
ly, signals that the state machine 202 transmits to the 
IDE-bus extension 129 pass through output drivers 408 
when the output drivers 408 are enabled by a control 
signal supplied by the state machine 202. This preferred 
configuration for exchanging signals between the state 
machine 202 and the IDE-bus extension 129 also per- 
mits Isolating the state machine 202 from Input signals 
on the IDE-bus extensbn 129 during certain critical 
events such as when the CD-ROM drive 1 38 is removed 
to be replaced by another device that is to be coupled 
to the IDE bus 128 without removing electrical power 
from the computer subsystem 104 and CD-ROM sub- 
system 106. 

[0062] The transmission gates 402, Input buflers 404, 
transmission gates 406, and output drivers 408 collec- 
th^ely constitute an analog multiplexer that, in the llius- 
tratioh of FIG. 6. is enclosed within a dashed line 412. 
Enabling operatksn of the analog multiplexer 412 per- 
mits exchanging signals between the IDE-bus extension 
129 and either the IDE bus 128 or state machine 202. 
Disabling operation of the anatog multiplexer 412 Iso- 
lates the IDE-bus extension 129 both from the IDE bus 
128 and from the state machine 202. inclusion of the 
analogmultiplexer 412 In the audio-interface IC 102 per- 
mits varbus IDE devices, such as the CD-ROM drive 
138, a hard disk, a Digital Video Disk ("DVD") drive, a 
Zl P drive, or a Superdisk. to be connected to or discon- 
nected from the IDE-bus extenston 129 of a fully oper- 
ational computer 100. 

[0063] Operatbn of the analog multiplexer 412 is en- 
abled or disabled by a signal coupled from a multlpfexer 
control 414 included in the audio-interface IC 102. The 
multiplexer control 41 4transmtts the control signal to the 
transmisskxi gates 402 and 406 via a transmisskMi- 
gate-control signal-line 416. For disabling operation of 
the analog multiplexer 412, the multiplexer control 414 
receives software data via the SMBus 1 62. For enabi ing 
operation of the anatog multiplexer 412, the multiplexer 
control 41 4 may receive either or both a iiardware signal 
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via alouchdown signal-line 41 8 and/or software data via 
the SMBus 162. The multiplexer control 414 also re- 
ceives signals from the state machine 202 via a multh 
ptexer-controhsignal salectlon-bus 422. Signals sup- 
plied to the multiplmcer control 414 Irom the state ma> 
chine 202 via the multiplexer-controhsignal selection- 
bus 422 determine whether operation of the multiplexer 
control 414 is enabled by the signal supplied via the 
touchdown signal-line 418, or by data supplied to the 
muitiplexer control 414 via the SMBus 162. 
[0064] Accordingiy, as illustrated In FIG. 3 the register 
b\ock 208 o1 the audio-interface iC 102 which employs 
the preferred analog multiplexer 41 2 includes a software 
programmable bit 208ca3 located in the low-order byte 
of the Electrical Power Register 208c. Setting bit20eca3 
activates software data control of the multiplexer control 
41 4 via the SMBus 1 62, while resetting bit 20dca3 acti- 
vates hardware enabiement of the multiplexer control 
414 via the touchdown signal-line 418. To effect soft- 
ware disabling and enabling of the multiplexer control 
414. the low-order byte of the Electrical Power Register 
208c also Includes a software programmable bit 208ca2 
which rf set enables operatton of the transmission gates 
402 and 406. Conversely, resetting bit 208ca2 disables 
operation of the transmission gates 402 and 406. 
[0065] When the computer 100 is fully operational 
with a device connected to the IDE-bus extension 129, 
using one of the manual input devices 112 a user of the 
computer 1 00 may direct a computer program executed 
by the CPU 1 20 to release the device connected to the 
IDE-bus extension 129. In response thereto, the com- 
puter 100 causes the analog multiplexer 412 to isolate 
the IDE-bus extension 129 from the remainder of the 
CD-ROM subsystem 106, and then mechanically re- 
leases the device so It may be physically removed from 
the computer 100. Upon subsequent insertion of a de- 
vice into the computer 1 00 and connection of that device 
to the IDE-bus extension 129, the device becomes me- 
chanically locked into the computer 100, and the audio- 
Interlace 10 102 responsive, either the hardware signal 
or software data, re-couples the IDE-bus extension 129 
to the remainder of the CD-ROM subsystem 1 06 there- 
by restoring the computer 100 to full operation. 
[0066] Although the present invention has been de- 
scribed In terms of the presently preferred embodiment, 
it Is to be understood that such disclosure is purely illus- 
trative and is not to be interpreted as limiting. Conse- 
quently, without departing from the spirit and scope of 
the invention, various alteratbns, modifications, and/or 
altemalive applications of the Invention will, no doubt, 
be suggested to those skilled in the art after having read 
the preceding disclosure. Accordingly, It is intended that 
the following claims be interpreted as encompassing all 
alterations, modlflcatbns, or altemative appltoatlons as 
fail within the true spirit and scope of the Inventton. 



ClalRW 

1 . A digital computer comprising both a computer sub- 
system and a CD-ROM subsystem: 

5 

said computer subsystem Including a digital 
computer bus via which varbus digital compu- 
ter devices included in the computer subsystem 
exchange commands and data, such devices 

10 including a central processing unit ("CPU"), a 

random access memory ("RAM"), a display, a 
read-write mass storage device, a manual input 
devbe, and a digitat-audk> generating integrat- 
ed circuit ("IC); and 

IS said CD-ROM subsystem including: 

a CD-ROM drive; 

an audio output amplifier that Is coupled to 
the CD-ROM drive for receiving an analog 
audio signal from the CD-ROM drive; 
a plurality of CD-ROM control buttons for 
controlling operation of the CD-ROM drive 
during replay of audio compact disks 
("CDs'); and 

an audio-interface IC that is coupled to the 
digital computer bus of said computer sub- 
system, to the CD-ROM drive, and to the 
CD-ROM control buttons; 

the audto-lnterface IC when the CO-ROM sut>8ys- 
tern is energized: 

In a first operating mode In which the computer 
subsystem is energized and operating, relaying 
commands and data between the digital com- 
puter bus of the computer subsystem and the 
CD-F%)M drive; and 

In a second operating mode in which the com- 
puter subsystem is not energized and is inop- 
erative, autonoTTKiusly responding to signals 
received from the CD-ROM control buttons and 
trarismitting commands to the CD-ROM drive, 
the commands causing the CD-ROM drive to 
play an audb CD present in the CD-ROM drive. 

2. The digital computer of claim 1 wherein said CD- 
ROM subsystemturther comprises an audio switch, 
which operates in response to a control signal re- 
ceived from the audb-iriterface IC, for coupling the 
analog audio signal of the CD-ROM drive to the dig- 
ital-audio generating IC included in the computer 
subsystem when the audb-fnterface IC operates In 
the first operating mode, and for isolating the analog 
audb signal of the CD-ROM drive from the digltal- 
audb generating IC included In the computer sub- 
system when theaudb-interface IC operates in the 
second operating mode. 
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3. The digital computer of claim 1 wherein said CD- 
ROM subsystem lurther comprises an Icon display 
that operates in response to a control signal re- 
ceived from the audio-interlace IC tor indicating op- 
erating statue of the CD-ROM drive. 5 

4. The digital computer of claim 1 wherein said CD- 
ROM subsystem further comprises a track-number 
display that operates in response to control signals 
received from the audio-interface IC for indicating 10 
playing status of an audio CD present in the CD- 
ROM drive. 

5. The digital computer of claim 1 wherein during op- 
eration of the audio-interface IC in the second op- is 
erating mode, when the CD-ROM drive has been 
idle for a first pre-established intenrai of time, the 
audio-interface IC enters a lower power operating 
mode, and transmits a command to the CD-ROM 
drive that places the CD-ROM drive in a lower pow- ^ 
er operating mode. 

6. The digital computer of claim 5 wherein during op- 
eration of the audio-interface tC in the second op- 
erating mode, when the CD-ROM drive has been 
Idle for a second pre-established inten^al of time, 
the audio-interi'ace IC tums off slectricai power to 
the CD-ROM drive. 

7. The digital computer of claim 6 wherein the audio- 30 
interface IC turns off electrical power to the audio 
output amplifier upon turning off electrical power to 
the CD-ROM drive. 

8. The digital computer of claim 1 wherein the audio- 3S 
interface IC supplies a volume control signal to the 
audio output amplifier. 

9. The digital computer of claim 1 wherein the compu- 
ter subsystem tu rther comprises a System l\tanage- 40 
ment Bus ("SMBus"), the audio-interface IC ex- 
changing commands and data with the computer 
subsystem via the SMBus. 

ia The digital computer of claim 1 wherein the audio- ^ 
interface IC has a third operating mode in which the 
computer subsystem Is energized and operating 
and the audio-interface IC, as pemnitted by a conri- 
puter program executed by the CPU included in 
said computer subsystem, responds to signals re- so 
ceived from the Cp-F%DM control buttons and trans- 
mits commands to the CD-ROM drive, the com- 
markds causing the CD-ROM drive to play an audio 
CD present In the CD-ROM drive. 

65 

11. The digital computarof claim 1 wherein said audio- 
interface IC Includes a multiplexer that when ena- 
bled couples the CD-ROM drive to the digital com- 



puter bus of the computer subsystem, and that 
when disabled Isolates the CD-ROM drive from the 
digital computer bus of the computer subsystem, 
whereby when the multiplexer Isolates the CD-ROM 
drive from the digital computer bus of the computer 
subsystem the CD-ROM drive may be removed 
from the digital computer to be replaced therein with 
another device. 

12. An audio-interface IC adapted for use in a digital 
computer having both a computer subsystem and 
a CD-ROM subsystem: 

the computer subsystem including a digital 
computer bus via which various digital compu- 
ter devices that nnay be Included in the compu- 
ter subsystem exchange commands and data, 
such devices including a CPU, a RAM, a dis- 
play, a read-write mass storage device, and a 
manual input device; and 
the CD-F%3M subsystem including: 

a CD-ROM drive; 

an audio output amplifier that is coupled to 
the CD-ROM drive for receiving an analog 
audio signal from the CD-ROM drive; and 
a plurality of CD-ROM control buttons for 
controlling operation of the CD-i^M drive 
during replay of audio compact disks 
(-CDs-); 

the audb-interface IC comprising: 

a host-bus interface adapted for coupling 
the audto-interface IC to the digital compu- 
ter bus of the conrputer subsystem; 
a CD-ROM interface adapted for coupling 
the audto-lnterflace IC to the CD-ROM 
drive; 

a control-button logk: adapted for coupling 
the audio-interface ICtothe CD-ROM con- 
trol buttons and for receiving electrbal sig- 
nals from the CD-ROM control buttons; the 
audio-interface IC when the CD-ROM sub- 
system Is energized: 

in a first operating mode in which the com- 
puter subsystem Is energized and operat- 
ing, relaying commands and data between 
the digital computer bus of the computer 
subsystem and the CD-ROM drive; and 
in a second operating mode in which the 
computer subsystem Is not energized and 
is inoperative, autonomously responding 
to signals received from the CD-ROM con- 
trol buttons and transmitting commands to 
the CD-ROM drive, the commands causing 
the CD-ROM drive to play an audto CD 
present in the CD-ROM drive. 
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13. The audicHnterface IC of claim 12 wherein the CD- 
ROM subsystem lurther includes an audio switch, 
the audio-interface IC being adapted for supplying 
a control signal to the audio switch for coupling the 
analog audio signal of the CD-ROM drive to a dig- s 
ital-audb generating IC Included In the connputer 
subsystem when the audio-Interface IC operates In 
the first operating mode, and for isolating the analog 
audio signal of the CD-ROM drive from the digital- 
audio generating IC included in the computer sub- 10 
system when the audio-interface iC operates In the 
second operating nrvxie. 

14. The audio-Interface IC of claim 12 wherein the CD- 
ROM subsystem further includes an icon display i^ 
the audio-Interface IC being adapted for supplying 

a control signal to the loon display which effects an 
indication of an operating status of the CD-ROM 
drive. 

20 

16. The audio-interface IC of claim 12 wherein the CD- 
ROM subsystem further includes a track-number 
display, the audio-Interface IC being adapted for 
supplying control signals to the track-number dis- 
play for indicating playing status of an audb CD 
present In the CD-ROM drh^e. 

16. The audk3-interface IC of claim 12 wherein during 
operation ctf the audio-interface IC in the second op- 
erating nnode, when the COROM drive has been so 
Idle lor a first pre-established Inten/al of time, the 
audto-interface IC enters a bwer power operating 
mode, and transmits a command to the CD-ROM 
drive that places the CD-ROM drive In a lower pow- 
er operating mode. ^ 

17. The audio-interface IC of claim 16 wherein during 
operation of the audioHnterface IC In the second op- 

. erating mode, when the CD-ROM drive has been 
Idle for a second pre-established Intenrail of time, 40 
the audro-interface IC turns off etectricat power to 
the CD-ROM drive. 

18. The audb-interface IC of claim 17 wherein the au- 
db-interface IC tums off electrical power to the au- 45 
db output amplifier upon turning off electrical power 

to the CD-ROM drive. 

10. The audio-interface IC of claim 12 wherein the au- 
db-interface IC supplies a volume control signal to so 
the audio output amplifier 

20. The audb-lnterface IC of claim 1 2 wherein the com- 
puter subsystem further includes a System Man- 
agement Bus ("SMBus"), the audb-lnterface IC be- ss 
ing adapted for exchanging conmands and data 
with the computer subsystem via the SMBu& 



21. The audb-lnterface IC of claim 12 wherein the au- 
dio-interface IC has a third operating mode In which 
the computer subsystem is energized and operat- 
ing and the audio-Interface IC, as permitted by a 
computer program executed by the CPU included 
in the computer subsystem, responds to signals re- 
ceived from the CD-ROM coiitrol buttons and trans- 
mits comnr^nds to the CD-ROM drive, the com- 
mands causing the CD-ROM drive to play en audb 
CD present In the CD-ROM drive. 

22. The audb-intsrface IC of claim 12 wherein the au- 
dio-Interface IC includesa muitiplexerthat when en- 
abled couples the CD-ROM drive to the digital com- 
puter bus of the computer subsystem, and that 
when disabled isolates the CD-ROM drive from the 
digital computer bus of the computer subsystem, 
whereby when the m ultiplexer Isolates the CD-ROM 
drive from the digital computer bus of the computer 
subsystem the CD-ROM drive may be removed 
from the digital computer to be replaced therein with 
another device. 
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